INTRODUCTION {#sec1-1}
============

There is a continuous increase in the use of titanium (Ti) and its alloys for applications in orthodontics, endodontics, prosthodontics, and implantology due to their low density, excellent corrosion resistance, and unique biocompatibility.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] The chemistry of Ti is a key factor in determining implant-tissue interactions. When Ti and its alloys are present in the oral environment, they are subjected to biodegradation by dissolution in saliva, chemical/physical destruction, wear and erosion caused by food, bacterial activity, and pH. The metallic ions released into the oral cavity will be in contact with adjacent tissues and as a consequence adverse reactions such as toxicity, allergy, and mutagenicity can appear.\[[@ref6]\]

Biocompatibility is generally related with the corrosion property of the materials since metal ions often release into the adjacent environment, during the corrosion process and affect the tissues around it.\[[@ref1][@ref7]\] Therefore, the evaluation of cytotoxicity along with its corrosive potential becomes important, which in turn has a considerable influence on clinical longevity of a material in service, contributing to the success of the dental implant. The relationship between polarization resistance and the type of tissue reaction for various pure metals and alloys have been reported in several studies.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\]

The aim of this study was to investigate the cytotoxicity in human gingival fibroblast by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and corrosion behavior by potentiodynamic polarization technique of commercially available Ti and its alloy Ti-6Al-4V obtained from an industry.

METHODOLOGY {#sec1-2}
===========

Materials {#sec2-1}
---------

Materials studied were 8 mm rods of commercially pure Ti, hereafter will be known as Ti 12 (ASTM B 348 Grade 1) and its alloy Ti-6Al-4V, hereafter will be known as Ti 31 (ASTM B 348 Grade 5) procured from Mishra Dhatu Nigam Ltd., Hyderabad, India.

Cytotoxicity test {#sec2-2}
-----------------

A fresh biopsy specimen of human gingival tissue of patients undergoing orthodontic treatment was collected after obtaining informed consent according to the Institutional Ethics Committee regulations. It was then cultured for fibroblast in Dulbecco\'s Modified Eagle medium. Cultures were incubated at 37°C in a humidified atmosphere of 5% CO~2~ in air. Cells were passaged and frozen till treatment. In the present study, 7 cut samples from the rods of Ti 12 and Ti 31 received of dimension 5 mm thickness and 8 mm diameter were used for cytotoxicity evaluation with fibroblast cells. Cells derived from cell lines, after attaining confluence, were treated with different doses of Ti 12 and Ti 31 for different time point. Then, these cells were observed for their proliferation and viability by MTT colorimetric assay as described by Wang *et al*. 2013.\[[@ref1]\] Percentage viability was calculated as follows:
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Evaluation of corrosion behavior {#sec2-3}
--------------------------------

The potentiodynamic polarization test was conducted using instrument CH1604D Electrochemical Analyzer Beta at room temperature on specimens of surface area 5026 mm^2^ (diameter 8 mm) for corrosion rate in the following solutions:

0.1 N NaCl0.1 N KClArtificial saliva with (0.1 g) and without NaF having composition 0.1 g NaCl, 1.21 g KCl, 0.7 g NaH~2~ PO~4~.2H~2~O, and CO (NH~2~)~2~ with pH adjusted to 6.75 ± 0.75.

The corroded samples were also subjected to scanning electron microscopy (SEM) study. The rates of corrosion in different experimental solutions were determined.

RESULTS AND DISCUSSION {#sec1-3}
======================

The results of cytotoxicity of Ti 12 and Ti 31 at different time intervals are shown in Figures [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}. Independent t-test within materials and paired t-test with time intervals showed higher cell viability for Ti 12 \[Figures [1](#F1){ref-type="fig"} and [3](#F3){ref-type="fig"}\] compared to Ti 31 \[Figures [2](#F2){ref-type="fig"} and [4](#F4){ref-type="fig"}\] at 48 and 72 h \[Figures [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}\] with the exception for Ti 12 at 72 h for 5 µl dose. Approximately 13%--17% cell death was observed at higher concentration of 100 µl dose in the case of Ti 31. A cell viability of above 90% for both Ti 12 and Ti 31 was seen for dose of 5, 10, 25, and 50 µl. Results showed a marginal influence of fibroblast viability on material composition. The effect of ions of Ti and alloying elements aluminum and vanadium on the viability is evident with incubation period of the cells on the samples to 72 h.

![Cell viability of commercially pure titanium (Ti 12) after 48 h](JIPS-17-35-g002){#F1}
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Medical and dental devices have been widely used in various disciplines. As these devices have direct contact with the tissues and cells of the body, they not only require good physical and chemical properties but also have good compatibility. The cytotoxicity test, one of the biological evaluation and screening tests, uses tissue cells *in vitro* to observe cell growth, reproduction, and morphological effects by medical and dental devices.\[[@ref13]\] Fibroblasts are the most fundamental cell type of mesenchymal origin; hence, it can be taken as a model to study the behavior of any cells of the same origin. Of course, the exact behavior of the osteoblast-like cells cannot be predicted by the behavior of fibroblasts, but can be taken as the basis for the future research and development because of common initial fundamental properties for growth and differentiation. *In vitro* conditions cannot replicate *in vivo* situations due to large number of factors that would have to be taken into consideration. It is, however, possible to determine the basic cell reaction for a single-type cell, which could be representative of the cells of common origin. The cell viability was determined using MTT test that is based on mitochondrial succinate dehydrogenase ability to reduce the yellow MTT dye (the solvent tetrazolium salt) into insoluble Formazan. The amount of formazan is directly proportional to the number of viable cells. After adding solution, optical density of the resulting solutions was measured with a microplate reader at 570 nm. Optical density was converted to a percentage of controls for each cell culture plate.\[[@ref1][@ref14]\]

The cytotoxic effect is slightly more in Ti 31 compared to Ti 12 over a period. This can be attributed to the presence of aluminum and vanadium.\[[@ref4][@ref15][@ref16]\] However, the effect of toxicity was found to stabilize and decrease with time. It appears that the increase in TiO~2~ passivating layer over a period of time that formed when come in contact with tissue cells moderated the toxicity by curtailing the release of Ti, Al, and V ions from test materials into the tissue cells.\[[@ref17]\]

Potentiodynamic polarization measurements were used to determine (CH1604D Electrochemical Analyzer Beta) the active--passive characteristics of Ti 12 and Ti 31 in solutions of 0.1 N NaCl, 0.1 NKCl, and artificial saliva with and without NaF. Linear polarization, corrosion rate, and corrosion density (I cor) in experimental solutions are shown in [Table 1](#T1){ref-type="table"}. The cyclic polarization curves of Ti 12 and Ti 31 are shown in Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}, respectively. The degradation mechanism of metal after being corroded in different solutions was observed under a SEM (JOEL JED-2300). Figures [7](#F7){ref-type="fig"} and [8](#F8){ref-type="fig"} illustrate the surface morphology of Ti 12 and Ti 31 specimen after photentiodynamic cyclic polarization treatment in experimental solutions.

###### 

The corrosion parameters of Ti 12 and Ti 31 electrode in different solutions
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![Cyclic potentiodynamic polarization curves of Ti 12 electrode in different solutions](JIPS-17-35-g007){#F5}
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![Surface morphology of Ti 12 before and after potentiodynamic cyclic anode polarization treatment. (a) Precorrosion. (b) 0.1 NaCl. (c) 0.1 N KCl. (d) Artificial saliva. (e) Artificial saliva with NaF](JIPS-17-35-g009){#F7}

![Surface morphology of Ti 31 before and after potentiodynamic cyclic anode polarization treatment. (a) Precorrosion. (b) 0.1 NaCl. (c) 0.1 N KCl. (d) Artificial saliva. (e) Artificial saliva with NaF](JIPS-17-35-g010){#F8}

Titanium is a reactive metal. In air and aqueous electrolytes, it forms spontaneously dense oxide film at its surface. This unwanted reaction product becomes potential barrier against dissolution of metal, and therefore Ti exhibits excellent corrosion barrier.\[[@ref18]\] However, Ti oxide is classified as possible carcinogenic to humans (Group 2B) by the International Agency for Research and Cancer.\[[@ref19]\]

The present study of cyclic polarization technique provides qualitative view of pitting corrosion mechanism, and it is highly useful method for determining the susceptibility of metals or alloys to pitting when placed in a specific corrosive environment. The cyclic polarization curves of Ti 12 and Ti 31 electrode in 0.1 N NaCl, 0.1 N KCl, and artificial saliva with and without NaF are shown in Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}. It is clear from these figures that the polarization curves have the same features and are characterized by the appearance of active, passive, and transpassive regions. Materials characterized by this type of cyclic polarization curve are known to resist localized corrosion but are susceptible to pitting as well as crevice corrosion in the experimental solutions. In general, the pitting and crevice corrosion can be evaluated based on the formation of a loop, and the evaluation of Ti 12 and Ti 31 can be made on the area of loops that form in the cyclic polarization curves. In general, higher the loop area, greater is the tendency toward pitting and crevice corrosion.\[[@ref20]\] It is clear from the Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"} that the area of loop is nearly same in all solutions. It is concluded from the hysteresis loop observed during the reverse anodic scan that there exists the possibility of pitting. Pitting on the passive surface has been explained by a competitive adsorption mechanism in which chloride and fluoride ions migrate to the metal/oxide film interface. The corrosion parameters of Ti 12 and Ti 31 electrodes in different solutions are given in [Table 1](#T1){ref-type="table"}. The main characteristic common to all metals and environments is the localized character of corrosion nucleation. Preferred sites for such nucleation generally depend on the metal structure, which is associated with the presence of different phases, or to environmental pollutant deposition at discrete points, which result in the formation of a greater number of small product nuclei that spread with exposure time until the surface is completely covered.\[[@ref4][@ref21]\] To confirm the degradation mechanism of Ti 12 and Ti 31 before and after being corroded in the experimental solutions, the electrodes were observed under SEM. Figures [7](#F7){ref-type="fig"} and [8](#F8){ref-type="fig"} illustrate the surface morphology of Ti 12 and Ti 31 specimen, respectively. It is evident from the SEM analysis that a large number of pits were formed on the surface of the specimen when corroded. Therefore, it is concluded that the metals degrade due to pitting corrosion. In the case of Ti 12 material, less surface pitting was observed compared to Ti 31. This can be attributed to the fact that commercially Ti 12 is a single phase metal, and therefore extent of attack by corrosive media is less compared to Ti-6Al-4V (Ti 31), which is a multiphase alloy containing α and β structures.

CONCLUSION {#sec1-4}
==========

Taking into consideration the limitations related to the present study, it can be concluded that both Ti 12 and Ti 31 are suitable for dental and medical applications. The commercially pure Ti showed better cell viability compared to Ti 31. Less cell viability in Ti 31 is because of the presence of aluminum and vanadium. A significant decrease in cytotoxicity due to the formation of TiO~2~ over a period of time was observed both in Ti 12 and Ti 31.

The electrochemical behavior of Ti 12 and Ti 31 in different experimental solutions showed a general tendency for the immersion potential to shift steadily toward nobler values indicated formation of TiO~2~ and additional metal oxides. Variation in I cor and corrosion rates were found in different solutions. Ti 31 alloy showed surface pitting because of its multiphase structure.
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